Objective-The metabolic side effects of second-generation antipsychotics (SGA) are serious and have not been compared head to head in a meta-analysis. We conducted a meta-analysis of studies comparing the metabolic side effects of the following SGAs head-to-head: amisulpride, aripiprazole, clozapine, olanzapine, quetiapine, risperidone, sertindole, ziprasidone, zotepine.
Introduction
Second-generation antipsychotics (SGA) are commonly used in the treatment of patients with schizophrenia (Diabetes Expert Group, 2004; Leucht et al., 2009b) and have even become the drugs of choice in some countries, such as the United States. However, there are substantial concerns about the metabolic side effects of SGAs. In general, today there is significant agreement on the importance of the metabolic side effects, such as changes in body weight, glucose utilization, or lipid status, unrecognized or unknown at the beginning of the introduction of SGAs (Meyer, 2002) . For some physicians these side effects are the most important as they might predispose to type 2 diabetes mellitus and cardiovascular disease (Meyer et al., 2008a; Daumit et al., 2008) , while others may weigh them against other side effects such as extrapyramidal side effects or sexual problems. The metabolic side effects have become an issue in competitive advertising between pharmaceutical companies, thus causing a polarization. Randomized controlled trials (RCTs) are probably the most bias free way to compare such side effects. There is a substantial amount of research in this field, however, currently there is no meta-analysis comparing the metabolic side effects of the SGAs head-tohead.
We therefore conducted a meta-analysis of studies directly comparing the following SGAs to one another: amisulpride, aripiprazole, clozapine, olanzapine, quetiapine, risperidone, sertindole, ziprasidone, zotepine. This article is focusing on the metabolic side-effects of second-generation antipsychotics while the data on the efficacy of these medications have been published elsewhere ).
Method

Search strategy
The register of the Cochrane Schizophrenia Group (CSG) was searched for randomized, blinded trials comparing orally administered second-generation antipsychotics (amisulpride, aripiprazole, clozapine, olanzapine, quetiapine, risperidone, sertindole, ziprasidone, zotepine) head-to-head in the treatment of schizophrenia or related disorder (schizoaffective, schizophreniform, or delusional disorder) without language restrictions. The search terms used were all possible 36 combinations of the names of the SGA including various trade names. The last search of the CSG register was done in May 2007; until January 2009, we searched MEDLINE and EMBASE for further randomized controlled studies fulfilling our inclusion criteria. The CSG register is compiled by regular methodical searches in numerous electronic databases (BIOSIS, CINAHL, Dissertation Abstracts, EMBASE, LILACS, MEDLINE, PSYNDEX, PsychINFO, RUSSMED, Sociofile), supplemented by hand searching of relevant journals and conference proceedings (for details see the description of the Cochrane Schizophrenia Group) (Adams et al., 2006) . Only studies meeting the quality criteria A (adequate randomization) and B (primarily studies stated to be randomized without further details) according to the Cochrane handbook 2005 were included (Higgins and Green, 2005) . All manufacturers of SGAs were contacted for further details of published studies and asked for unpublished trials; first authors of included studies were contacted for missing information. Detailed methodology is published in the Cochrane library in systematic reviews of individual SGAs in comparison to other SGAs (Komossa et al., 2007; Komossa et al., 2009a; Komossa et al., 2009c; Komossa et al., 2009b; Komossa et al., 2010c; Komossa et al., 2010a; Komossa et al., 2010d; Komossa et al., 2010b) . Here we present a summary to show an overall picture of the metabolic side effects of the SGAs.
Data extraction and outcome parameters
All data were extracted independently by at least three reviewers (KK, CR, HH, FS, SS, CAL, SL). Effects on the following clinically important metabolic side-effects were assessed: weight change as the primary outcome, glucose and cholesterol changes as secondary outcomes. Weight change was chosen as the primary outcome as it is the least sensitive for errors: neither fasting nor non-fasting will have a profound, immediate effect. Data on the Body Mass Index (BMI) -taking height into account -would have been preferred, but were rarely reported. Weight change was defined as the change in kilograms from baseline to endpoint; the changes in cholesterol and glucose were defined as the changes from baseline to endpoint in mg/dl. The outcome 'total cholesterol' and not 'triglycerides' was chosen for the lipid status as the data on triglycerides were rarely reported. Furthermore, the total cholesterol would not be greatly influenced by the last meal, and therefore in contrast to triglycerides a potential nonfasting blood sample is not misleading (Herold, 2009) . Intention-to-treat results were used whenever possible.
Meta-analytic calculations
Continuous outcomes were analyzed using differences of means (MD) and their 95% confidence interval, since this preserves the original units, which are intuitively interpreted (e.g. a MD of 5 means 5 kg difference in weight between the two groups). The studies were pooled with the random effects model of Der-Simonian and Laird (Der-Simonian and Laird, 1986) , which takes into account certain differences between even if there is no statistically significant heterogeneity. In addition, a fixed effects model was used for the primary outcome to verify the results under this assumption. explored study heterogeneity by I-squared statistic assuming that I 2 values greater 50% suggested considerable heterogeneity.
Addressing potential moderator variables-Unrestricted maximum likelihood random effects meta-regression assessed the effects o study duration, pharmaceutical company sponsorship, antipsychotic dose ratios, cholesterol, baseline glucose, baseline weight, washout period, and sex and distribution on the outcomes. Furthermore, the effects of study duration were assessed subgroup analyses including short term (≤ 12 weeks) and longer term studies separately.
Statistical analyses-The calculations were done with MetaView, the meta-analytic standard software used by the Cochrane Collaboration (Review Manager Version 4.2.2, Oxford, England; The Cochrane Collaboration, 2000) and with STATA version 7. All analyses were two-tailed with alpha set to 0.05, except for the heterogeneity test (alpha set to 0.1).
Presentation of the results-
The pooled effect sizes of each SGA versus every other SGA are shown in Figures 2-4. It should be noted that all results are shown twice. For example, the comparison between amisulpride and olanzapine is described under "amisulpride versus other SGA" and under "olanzapine versus other SGA". Despite the redundancy, the results are easier to understand. Otherwise, if the reader is interested in a given drug, he would have to look up the findings in different sections, making it difficult to see the gestalt. To save space in the text we present only: a) for significant results: the number of studies (N), the number of participants (n), the differences in means (MD) in weight change in kilograms, in cholesterol and glucose change in mg/dl, and the p-value, and b) for non-significant results: the number of studies and the number of participants. Minus values mean superiority of the first listed SGA throughout. All statistical details are presented in the Figures 2-4.
The results of the specific comparisons are always presented in alphabetical order to increase clarity; in the way that one antipsychotic is causing more side effect than the other antipsychotic, e.g. "olanzapine is causing more increase in cholesterol than aripiprazole", as opposed to the reverse "aripiprazole is causing less cholesterol increase than olanzapine". In this way, the results are easier to understand.
Further data, such as forest plots with the single studies, the standardized mean differences for each comparison, and the separate results for the short-and long-term studies for the primary outcome weight gain where most data were available, and the heterogeneity/meta-regressions results can be found on the journal's website (supplemental Figures I-III, supplemental Tables  I-VII ).
Results
The search (for QUOROM flow diagram (Moher et al., 1999) see Figure 1)
The search strategy identified 3750 citations. Of these, 3119 abstracts were excluded because they were clearly not relevant. 631 articles were ordered for more detailed evaluation and 321 of these were excluded. 310 publications on 90 studies were included; however, only 48 studies with 105 relevant arms reported usable data on at least one of the outcomes cholesterol, glucose or weight. Of these 48 studies, 6 studies included amisulpride, 5 aripiprazole, 11 clozapine, 37 olanzapine, 11 quetiapine, 28 risperidone, 1 sertindole and 6 ziprasidone.
The participants were relatively chronic with mean ages in the mid-thirties. The diagnostic criteria were mainly DSM-IV/DSM-III-R or ICD-10 (see detailed supplemental Table I on the journal's website). Unpublished, industry-sponsored studies were not obtained.
Outcome results
Primary Outcome -Weight
Change-Clozapine produced statistically significantly more weight gain (from baseline to endpoint in kg) than risperidone (N=4, n=459, MD 2.86 kg). Olanzapine produced statistically significantly more weight gain than amisulpride (N=3, n=671, MD 2.11 kg), aripiprazole (N=2, n=656, MD 3.9 kg), quetiapine (N=7, n=1173, MD 2.68 kg), risperidone (N=16, n=2302, MD 2.44 kg) and ziprasidone (N=5 n=1659, MD 3.82 kg). Risperidone produced significantly more weight gain than amisulpride (N=3, n=585, MD 0.99 kg). Sertindole produced significantly more weight gain than risperidone (N=2, n=328, MD 0.99 kg).
No statistically significant differences were found between aripiprazole and risperidone (N=2, n=383), clozapine and olanzapine (N=8, n=611), clozapine and quetiapine (N=1, n=27), quetiapine and risperidone (N=7, n=1446), quetiapine and ziprasidone (N=1, n=466), and risperidone and ziprasidone (N=1, n=461). Details are shown in Figure 2 and Supplemental  Table II . The fixed-effects model found no important differences in results.
Secondary Outcome -Cholesterol
Change-Olanzapine produced statistically significantly more increase in cholesterol than aripiprazole (N=2, n=789, MD=15.35 mg/dl), risperidone (N=9, n=1802, MD=12.92 mg/dl) and ziprasidone (N=4, n=1502, MD=15.83 mg/ dl). Quetiapine produced significantly more increase in cholesterol than risperidone (N=5, n=1433, MD=8.61 mg/dl) and ziprasidone (N=2, n=754, MD=16.01 mg/dl).
Risperidone produced significantly more increase in cholesterol compared to aripiprazole (N=1, n=83, MD=22.3 mg/dl) and ziprasidone (N=2, n=767, MD=8.58 mg/dl).
There were no statistically significant differences in cholesterol changes between amisulpride and olanzapine (N=1, n=85), clozapine and olanzapine (N=3, n=89), clozapine and risperidone (N=1, n=31), olanzapine and quetiapine (N=4, n=986), and risperidone and sertindole (N=1, n=176). Further details are also shown in Figure 3 and Supplemental Table III .
Secondary Outcome -Glucose
Change-Olanzapine produced statistically significantly more increase in glucose levels from baseline to endpoint than amisulpride (N=2, n=406, MD=7.3 mg/dl), aripiprazole (N=3, n=1487, MD=4.13 mg/dl), quetiapine (N=4, n=986, MD=9.32 mg/dl), risperidone (N=9, n=1303, MD=5.94 mg/dl) and ziprasidone (N=4, n=1420, MD=8.25 mg/dl).
There were no statistically significant differences in glucose changes between aripiprazole and risperidone (N=1, n=83), clozapine and olanzapine (N=3, n=89), clozapine and risperidone (N=1, n=31), quetiapine and risperidone (N=5, n=1436), quetiapine and ziprasidone (N=2, n=754), risperidone and sertindole (N=1, n=176), and risperidone and ziprasidone (N=2, n=767).
Further details are shown in Figure 4 and Supplemental Table IV .
Heterogeneity and Meta-regressions
There was some heterogeneity (see Supplemental Table VII) ; however, in most comparisons, the direction of the results was the same; i.e., the degree of weight gain was different, but not the direction of the weight gain. Our meta-regressions suggest that part of the heterogeneity was explained by study duration, dose of antipsychotics and sponsorship. The longer studies or higher doses of medication had greater differences in the outcomes, but the directions of the effects were the same and the results of the short-and long-term studies were consistent. In three comparisons sponsorship showed a significant effect; namely, that the sponsoring company showed lower and thus 'better' weight changes for its own antipsychotic medication than a neutral sponsor or another pharmaceutical company.
Meta-regressions on the influence of sex distribution, washout period and race distribution on the outcome weight change found only very few or no significant results: for the moderator 'washout period' there are significant results in two comparisons (clozapine vs risperidone and quetiapine versus risperidone, showing the longer the washout period, the greater the difference in weight gain to the disadvantage of clozapine or quetiapine, respectively). For the moderator 'sex distribution' we found two significant results: in the comparison clozapine vs risperidone the more females the greater the difference in weight gain to the disadvantage of clozapine and in the comparison quetiapine vs risperidone the same result, but to the disadvantage of quetiapine. For the moderator 'race distribution' there was no significant result. The main reason might be that only few data (<10 studies) were available here limiting the potential of meta-regression to find an effect (Higgins and Green, 2005) .
Discussion
We present the first head-to-head meta-analysis of the metabolic side effects of secondgeneration antipsychotics in randomized controlled trials, showing three similar clusters for the three outcomes with olanzapine and clozapine showing the most elevation of weight, cholesterol, and glucose. Quetiapine, risperidone, and sertindole had intermediate elevations.
Aripiprazole and amisulpride displayed intermediate or low elevations and ziprasidone the lowest elevations.
We found that olanzapine showed more weight gain, cholesterol and glucose elevation than all other SGA's except for clozapine where no difference with olanzapine was demonstrated.
To illustrate the results of our primary outcome weight change, olanzapine produced about two kilograms of weight gain more than amisulpride and four kilograms more than aripiprazole in 2 to 6 months study durations. Clozapine produced about three kilograms more than risperidone (MD 2.9 kg), risperidone produced more weight gain than amisulpride (MD 0.99 kg), and sertindole more than risperidone (MD 0.99). Weight gain is rapid in the first few weeks, and the rapid rate decreases gradually until the weight gain plateaus after several months, after 4-9 months for olanzapine and after 42-46 months for clozapine (Bai et al., 2009; Henderson et al., 2000; Kinon et al., 2005) . Our meta-regressions 'duration of study' could explain some of the heterogeneity found, as longer studies produced more weight gain than shorter studies; e.g. in short-term studies (≤12 weeks) olanzapine produced 2.5 kg more weight gain than ziprasidone, whereas in long-term studies the difference was about 4 kg. The number of studies for individual drug comparisons was too small for a meta-regression of each. Over the long term the absolute changes will grow, and therefore this is not an absolute estimate of these outcomes, but a relative one. Other factors potentially explaining parts of the heterogeneity were the washout periods, the race distribution, sponsorship, and the dose of medication: short washout periods, often only 24 hours in clinical reality, make the differences in the outcome smaller than they actually are and women seem to be more vulnerable for weight gain with clozapine and quetiapine than men. Sponsorship was found to be some factor in three comparisons in our meta-regressions for sponsorship, but not in the majority of studies as the studied outcomes are rather "hard" outcomes that are difficult to be influenced. The dose of antipsychotic medication was shown in some of our meta-regressions to influence the results: e.g. the higher the olanzapine dose, the higher the difference in the outcome in favor of the comparator antipsychotic. Furthermore, the prior antipsychotic medication taken before the currently tested agent might have also influenced the results on the metabolic outcomes; however, such data were not available and therefore could not be analyzed.
Olanzapine caused the most elevation in cholesterol, clearly more than aripiprazole, risperidone, and ziprasidone. No differences were found in comparison with amisulpride, clozapine and quetiapine. However, quetiapine showed more cholesterol increase than risperidone and was close to that observed with olanzapine. Interestingly, CATIE also found quetiapine had more elevation of cholesterol than risperidone (Lieberman et al., 2005) as well as elevations in triglycerides (Lieberman et al., 2005; Meyer et al., 2008b) . This suggests that quetiapine has a greater metabolic effect than the conventional wisdom that it was the same as risperidone (Diabetes Expert Group, 2004) . Risperidone showed more cholesterol increase than aripiprazole and ziprasidone. Our results demonstrate that aripiprazole and ziprasidone have the least effects on the lipid status (Greenberg and Citrome, 2007; Casey, 2004) .
The major finding in our third outcome -changes in glucose utilisation -is similar to the general pattern of the first two outcomes: olanzapine showed significantly more increase in glucose levels compared with the other SGAs. Again, no difference was found between olanzapine and clozapine. The 'change in glucose levels' may be somewhat 'weaker' than the two other metabolic outcomes, e.g. because glucose changes will be more affected in the longterm (Diabetes Expert Group, 2004) , and because of the fact that patients might not always be fasting when the blood samples are taken. Nevertheless, these findings clearly show that changes in glucose utilisation significantly differ between the SGAs, and that olanzapine is producing more increase in the glucose metabolism than the other SGAs except for clozapine.
We found substantial differences in the metabolic side effects of weight, cholesterol and glucose changes of the available SGAs. At least in terms of standardized effect sizes these differences are generally larger than the differences in efficacy. To illustrate this, the standardized effect sizes of olanzapine for efficacy ranged from .11 to .29 in comparison to the other SGAs , similar to those of the glucose changes of olanzapine (. 16 to .26) . The effect sizes for cholesterol (.34, .46, 1.15) and weight changes (.39, .42. .47, . 52, .72 ) were clearly larger. For perspective, as a rule of thumb, effect sizes of 0.2 represent a small effect, 0.5 a moderate effect, and ≥0.8 a large effect (Cohen, 1988) . Even though, these effect sizes cannot be compared 1:1, as there are qualitative differences between efficacy and side effects (Leucht et al., 2009a) , the differences in efficacy and the three metabolic outcomes need to be projected throughout the patients lifetime because even small differences are magnified over the years and impact both, on quality of life (Leucht et al., 2009a) and length of life.
Patients being treated with antipsychotics need to be informed about the differences in efficacy and side effects as different patients have different values, preferences and tolerability for side effects (Hamann et al., 2003) : e.g., for some patients extrapyramidal side effects frequently caused by high-potency typical antipsychotics and by the atypical antipsychotic risperidone are extremely critical, for others elevation in prolactin serum levels with associated sexual side effects -often seen during the treatment with e.g. risperidone or amisulpride -are difficult. Sedation, common with e.g. clozapine and low-potency typical antipsychotics, is problematic for other patients. However, differences in metabolic side effects as shown in this meta-analysis are especially important in this context as they have significant long-term consequences, such as cardiovascular disease (CVD). Overweight, especially abdominal obesity and dyslipidemia seem to play an important role as an early marker for the metabolic syndrome (Schorr et al., 2009 ). Schorr et al. showed that the metabolic syndrome is dynamic, i.e. can be reversed, but chances of reversing are smaller for overweight patients.
In line with our finding that olanzapine showed the most changes on weight, cholesterol and glucose, Daumit et al. found significant differences in the antipsychotic effects on the estimated 10-year coronary heart disease risk in the CATIE study with olanzapine and quetiapine being associated with increased risks, while risks decreased with perphenazine, risperidone and ziprasidone (Daumit et al., 2008) . The largest differences between these antipsychotics were seen for older patients and patient with baseline coronary risk factors.
Risk factors for CVD such as obesity, smoking, diabetes, hypertension and dyslipidemia are more common in patients with schizophrenia than in the general population (Fleischhacker et al., 2008) , and, in addition, antipsychotic medication can induce weight gain or worsen CVD risk factors (De Hert et al., 2009) . As a result, people with schizophrenia have a reduced life expectancy compared to the general population (Fleischhacker et al., 2008) . It therefore seems essential to focus on reducing the risk factors, as the beneficial effects of interventions to reduce the risks of CVD have been well studied: if blood cholesterol is reduced by 10%, the risk of coronary heart disease is reduced by 20 -30% and an ideal body weight (BMI 18.5 -25) is reducing the risk by 35 -60% (Rich-Edwards et al., 1995) ; a reduction of 6 mmHg in diastolic blood pressure reduces the risk by 16% (Hennekens, 1998) and an active lifestyle (at least 30 minutes walk daily) by 30 -50% (Bassuk and Manson, 2005) .
In order to prevent well studied long-term consequences of the metabolic risk factors such as hypertension, type 2 diabetes, strokes and heart attacks (Anderson et al., 2003; Casey, 2004; Colton and Manderscheid, 2006 ) a careful individual decision for an antipsychotic, a close monitoring for metabolic side effects of the chosen antipsychotic, switching the antipsychotic therapy if appropriate (Arango et al., 2008) and focusing on how to improve physical activity of the individual patient (Vancampfort et al., 2010) are essential.
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